Objective: To add epidemiological data on the association of adherence to the Mediterranean diet with non-fatal acute myocardial infarction (AMI) in a Southern European population. Design: Hospital-based case-control study. Conformity to the traditional Mediterranean diet was assessed through a score (i.e. the Mediterranean diet score, MDS) based on nine dietary components (high consumption of vegetables, legumes, fruit and nuts, cereals, and fish and seafood; high ratio of monounsaturated to saturated lipids; low consumption of dairy and meat; and moderate alcohol consumption). The score ranged between 0 (lowest adherence) and 9 (highest adherence). The association of the MDS, or its components, with the risk of AMI was evaluated through multiple logistic regression models, controlling for potential confounding variables. Setting: The study was conducted in the greater Milan area (Italy) between 1995 and 2003. Subjects: Seven hundred and sixty patients with a first episode of non-fatal AMI and 682 controls. Results: High consumption of vegetables and legumes were inversely associated with non-fatal AMI risk. As compared with MDS < 4, the OR of non-fatal AMI were 0·85 (95 % CI 0·65, 1·12) for MDS of 4-5 and 0·55 (95 % CI 0·40, 0·75) for MDS ≥ 6, with a trend in risk (P < 0·01). Results were consistent in strata of selected risk factors and an apparently stronger association emerged for individuals with a lower BMI. Conclusions: The Mediterranean diet is inversely associated with the risk of non-fatal AMI in this Southern European population.
The relationship between dietary factors and CHD has been a major focus of health research since the early 1960s, when Keys and Aravanis linked the lower incidence of CHD observed among Southern European populations to their traditional healthy eating pattern, i.e. the Mediterranean diet (1) . Several studies investigated the role of diet on CHD thereafter, providing evidence for a protective role of vegetables, nuts and MUFA (e.g. oleic acid, abundant in olive oil and nuts) and for a detrimental role of trans-fatty acids and foods with a high glycaemic load (2, 3) . Moderate evidence supports a role of fish, marine n-3 fatty acids, folate, whole grains, dietary vitamins E and C, β-carotene, low-to-moderate alcohol, fruits, fibre and flavonoids on CHD prevention (2) . Other selected dietary aspects have been evaluated in relation with CHD, including α-linoleic acid, SFA and PUFA, meat, eggs and milk, but findings are still uncertain (2, 3) . Scantier data are available on selected dietary patterns and CHD risk.
The main characteristics of the Mediterranean food pattern include a high consumption of plant foods (fruits, vegetables, legumes, wholegrain cereals and nuts) and fish; olive oil as the principal source of fat; relatively low consumption of meat and dairy products; and lowto-moderate consumption of wine, especially red wine, during meals. Adherence to the Mediterranean diet has been favourably related to all-cause mortality (4) (5) (6) , as well as to specific health outcomes, including cancer overall (6) (7) (8) (9) and at selected sites (10) (11) (12) (13) , and cerebrovascular (14) and cardiovascular diseases (2, 6, 15, 16) . In particular, a meta-analysis of cohort studies estimated that a 2-point increase in a Mediterranean diet score was significantly associated with a 10 % reduced risk of cardiovascular incidence or mortality (6) . There was however heterogeneity across results, definition of CHD and various Mediterranean diet scores.
With the aim of adding epidemiological data on this issue, we investigated the association between the Mediterranean diet and the incidence of non-fatal acute myocardial infarction (AMI), using data from a casecontrol study conducted in Italy.
Methods

Study population
Data were derived from a case-control study of non-fatal AMI, conducted in the greater Milan area, Italy, between 1995 and 2003 (17, 18) . Cases were 760 patients (580 men, 180 women; median age 61 years, range 19-79 years) with a first episode of non-fatal AMI, defined according to the WHO criteria (19) , and admitted to a network of teaching and general hospitals in the area. Controls were 682 patients (439 men, 243 women; median age 59 years, range 16-79 years) from the same area, admitted to the same hospitals for a wide spectrum of acute non-neoplastic conditions, unrelated to known AMI risk factors or dietary modification. Individuals with previous major cardiovascular events were not included. Among controls, 30 % had traumas, 25 % had non-traumatic orthopaedic disorders, 18 % had acute surgical conditions, 18 % had eye, nose, throat or teeth disorders and 9 % had miscellaneous other illnesses unrelated to diet. Less than 5 % of the cases and controls approached refused to participate.
The study was conducted according to the guidelines laid down in the Declaration of Helsinki. Verbal informed consent was obtained from all patients. Verbal consent was witnessed and formally recorded.
Interviews were conducted in hospital using a structured questionnaire, including information on sociodemographic factors, anthropometric variables, smoking, alcohol and coffee consumption, other lifestyle habits, physical activity, a problem-oriented medical history and history of AMI in first-degree relatives. Cholesterol levels were obtained from clinical records.
The participants' usual diet during the two years prior to AMI or hospital admission (for controls) was assessed through an FFQ, administered face-to-face and tested for reproducibility (20) and validity (21) . Participants were asked to indicate their average weekly frequency of consumption of seventy-eight foods, recipes and beverages. An Italian food composition database was used to estimate total energy and nutrient intakes (22, 23) .
Mediterranean diet score
Adherence to the traditional Mediterranean diet was assessed through an a priori score (i.e. Mediterranean diet score, MDS) based on nine dietary components typical of the traditional Mediterranean diet (4) . For each study participant, a value of 0 or 1 was assigned to each component of the score as follows: for components frequently consumed in the traditional Mediterranean diet (i.e. vegetables, legumes, fruit and nuts, cereals, fish and seafood, as well a high ratio MUFA:SFA), participants whose consumption was above the sex-specific median, calculated among controls, were assigned a value of 1, and 0 otherwise; for components less frequently consumed in the traditional Mediterranean diet (dairy, as well as meat and meat products), participants whose consumption was above the sex-specific median among controls were assigned a value of 0, and 1 otherwise. For alcohol, a value of 1 was attributed to moderate drinkers (i.e. participants with consumption below the sex-specific median values, calculated among controls who were drinkers; these were 15·5 drinks/week for men and 7 drinks/week for women), and a value of 0 to those with consumption above these values, as well as to non-drinkers. The MDS was then calculated by summing up the points for each of the nine items. Thus, the score ranged between 0 (lowest adherence to the Mediterranean diet) and 9 (highest adherence).
Data analysis
The association of the MDS (in categories, as well as for 1-point increase) with the risk of non-fatal AMI was assessed in the overall population, as well as in strata of selected covariates, through multiple logistic regression models, which included terms for age (5-year age groups; categorically), sex, education (<7, 7-11, ≥12 years; categorically), BMI (quintiles among controls; categorically), cholesterol (<200, 201-236, ≥237 mg/dl; categorically), smoking (never smokers, former smokers, current smokers of <15 and ≥15 cigarettes/d; categorically), coffee (<10, 10-20, ≥21 cups/d; categorically), non-alcohol energy intake (quintiles among controls; categorically), occupational physical activity (very heavy, heavy, average, standing, mainly sitting; categorically), history of hyperlipidaemia (no, yes), diabetes (no, yes), hypertension (no, yes) and family history of AMI in first-degree relatives (0, 1, ≥2 affected relatives; categorically). The association of a 1-point increase in the MDS was assessed including in the model a term for the original score in continuous. Multiple logistic regression models with the same set of covariates were used to estimate the associations of the single dietary components of the MDS with non-fatal AMI, comparing participants with intake above v. those with intake below the corresponding sex-specific median. For alcohol intake, we estimated the association with nonfatal AMI for moderate drinkers v. non-drinkers or heavy drinkers.
The test for trend was based on the likelihood ratio test between models with and without a linear term for subsequent categories of the MDS (i.e. <4, 4-5, ≥6). To investigate whether the effect of the MDS was homogeneous across strata of selected covariates, we conducted analyses stratified by age, sex, education, smoking, BMI, history of hypertension, diabetes, hyperlipidaemia, family history of AMI and non-alcohol energy intake. To test for heterogeneity between strata, the difference between the −2 log(likelihood) of the models with and without the interaction terms was compared with the χ 2 distribution with the same number of degrees of freedom as the number of interaction terms.
Statistical analyses were performed using the statistical software package SAS version 9·1. Table 1 gives the distribution of cases with non-fatal AMI and controls according to age, sex and other characteristics. Cases were more often smokers of fifteen or more cigarettes daily and reported more often a history of hypertension and diabetes, and a family history of AMI in first-degree relatives. Table 2 shows the OR of non-fatal AMI for each MDS component, comparing participants over the median value of each item with those below the median. The risk of non-fatal AMI was inversely related to the consumption of vegetables (OR = 0·67; 95 % CI 0·52, 0·85) and legumes (OR = 0·75; 95 % CI 0·59, 0·95). A reduced risk of borderline significance was found for a high consumption of fruits and nuts (OR = 0·80; 95 % CI 0·63, 1·02). No association was observed for the other dietary items considered, including fish consumption and moderate alcohol intake.
Results
The association of MDS with non-fatal AMI risk is presented in Table 3 . Decreasing OR were found for increasing scores: as compared with MDS < 4, the OR from the fully adjusted model were 0·85 (95 % CI 0·65, 1·12) for MDS of 4-5 and 0·55 (95 % CI 0·40, 0·75) for MDS ≥ 6, with a significant trend in risk (P < 0·01). The OR for the increase of 1 point in the MDS was 0·91 (95 % CI 0·85, 0·98).
In stratified analyses (Table 4) , risk estimates were consistent according to age, sex, smoking, history of selected conditions and other characteristics; a somewhat stronger association emerged for individuals with a BMI below the median (i.e. 25·7 kg/m 2 ) than for those with a higher BMI (P for interaction = 0·03). 
Discussion
Adherence to the traditional Mediterranean diet, as indicated by the MDS, was significantly associated with a reduced risk of non-fatal AMI, after controlling for possible confounding influences by known risk factors for AMI. Specifically, an MDS of 6-9 was associated with a 45 % lower incidence of non-fatal AMI compared with an MDS of 0-3. The association was consistent among strata of various covariates, although apparently stronger in underweight and normal-weight individuals. Among the nine nutritional components of the MDS, only vegetables and legumes were associated with a reduced risk of non-fatal AMI, supporting the view that the Mediterranean diet should be evaluated as an integral entity. Previous in-depth analysis on a subgroup of participants from the same study showed that fish intake separately from other components was inversely related to non-fatal AMI only at relatively higher doses, such as ≥2 portions/week (17) . For alcohol intake, in the same data set we found that moderate and heavy drinkers had a lower risk of non-fatal AMI compared with non drinkers, with a linear trend in risk. This is in line with the present results showing similar risks in moderate drinkers compared with the combination of heavy drinkers and non-drinkers (24) . With regard to strengths and limitations of the present study, cases and controls were interviewed in the same hospitals and came from the same geographical area, participation was almost complete, patients admitted for chronic conditions or diseases related to known or potential risk factors for AMI or modification of diet were excluded from the comparison group, and the FFQ was satisfactorily valid (21) and reproducible (25) . We cannot exclude that a generally healthier lifestyle may play a role in the inverse association of adherence to the Mediterranean diet with AMI risk. However, we paid attention to adjust for the potential confounding of covariates associated with AMI risk, such as physical activity, BMI, smoking and energy intake. A major strength of the present study is the strict and validated definition of AMI, since all cases were admitted to reference centres for heart diseases. 0·45, 1·02 0·56 0·36, 0·87 0·97 0·79, 0·97 6·4 0 ·01 P = 0·17 *Adjusted for age, sex, education, BMI, cholesterol, smoking, coffee, energy intake (excluding alcohol), physical activity, hyperlipidaemia, diabetes, hypertension and family history of acute myocardial infarction in first-degree relatives, when appropriate. †Reference category (OR = 1·00). ‡Continuous OR is for an increase of 1 point in the Mediterranean diet score. §P for interaction test. ||25·7 kg/m 2 is the median value of BMI among controls. ¶9069 kJ (2166 kcal) is the median value of daily non-alcohol energy among controls.
Our findings are consistent with previous investigations evaluating adherence with the Mediterranean diet in relation to CHD (2, 6, 15, 16) . In particular, using data from the Greek component of the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, Dilis et al. found that a 2-point increase in the MDS was associated with significantly lower CHD incidence (hazard ratio (HR) = 0·85; 95 % CI 0·57, 0·98) among women but not among men, and with significantly lower CHD mortality by 25 % (HR = 0·75; 95 % CI 0·57, 0·98) among women and 19 % (HR = 0·81; 95 % CI 0·67, 0·99) among men (26) . On the same cohort, increased adherence to the Mediterranean diet was inversely associated with cerebrovascular disease incidence and mortality (14) . In the EPIC-NL cohort study, based on 34 708 participants followed for 10-15 years for a total of 4881 CVD events and 487 deaths from CVD, a 2-unit increment in the MDS (in which the component of moderate alcohol consumption was substituted by any consumption because of the relatively low levels of alcohol consumption in that population) was inversely associated with fatal CVD (HR = 0·78; 95 % CI 0·69, 0·88), total CVD (HR =0·95; 95 % CI 0·91, 0·98), myocardial infarction (HR =0·86; 95 % CI 0·79, 0·93) and stroke (HR = 0·88; 95 % CI 0·78, 1·00) (27) . In the SUN (Seguimiento University of Navarra) study, a prospective ongoing dynamic cohort of university Spanish graduates, participants with the highest adherence to the Mediterranean diet showed a 59 % significantly lower risk of CVD than those with the lowest adherence. Similar point estimates, but wider confidence intervals, were estimated for CHD (28) . In a multi-ethnic, population-based, prospective cohort study from the USA (the Northern Manhattan Study), a Mediterranean dietary pattern, summarized by the MDS, was protective against a combined outcome of ischaemic stroke, myocardial infarction and vascular death (HR = 0·75; 95 % CI 0·56, 0·99 for MDS of 6-9 v. MDS of 0-2) (29) . Results for myocardial infarction alone were less clear cut, but were based on 133 cases only (29) . Based on 2391 incident CHD cases and 794 CHD deaths occurring in the Nurses' Health Study, a lower risk of both CHD incidence (relative risk (RR) = 0·71; 95 % CI 0·62, 0·82) and CHD mortality (RR =0·58; 95 % CI 0·45, 0·75) emerged for women in the highest quintile as compared with those in the lowest quintile of an alternative MDS, based on the following components: high consumption of vegetables (excluding potatoes), fruits, nuts, whole grains, legumes and fish; high ratio MUFA:SFA; low consumption of red and processed meats; and moderate alcohol intake (30) . Also the Spanish EPIC component investigated the association between CHD and the Mediterranean diet, measured by using a variation of the original MDS. A high MDS was associated with a significant reduction in CHD risk (HR =0·60; 95 % CI 0·47, 0·77) compared with a low score (31) . Moreover, a 1-unit increase in the MDS was associated with a 6 % significant reduced risk of CHD (31) , similar to our result of a 9 % reduction of risk of AMI.
Reports focused exclusively on mortality from CHD found, in general, a lower risk for a closer adherence to the Mediterranean diet (4, (32) (33) (34) . Evidence for a cardioprotective effect of the Mediterranean diet also emerged from studies showing an improvement in the prognosis of coronary patients, including mortality (35) (36) (37) (38) (39) , and from intervention studies showing a reduction in the prevalence of cardiovascular events in high-risk individuals (40) and CVD risk factors, such as high BMI, systolic blood pressure, plasma glucose, C-reactive protein, cholesterol levels and TAG (41) (42) (43) . The idea that the Mediterranean diet could be favourable for health came from the observation in the early 1960s that the populations living in Crete, Greece and southern Italy were particularly healthy (44) . Mediterranean diet main characteristics are that a large proportion of energy comes from cereals and starchy foods, such as bread, pasta, rice and potatoes; most fat is represented by olive oil; it is rich in plant foods, including raw and cooked vegetables, fruit, legumes and nuts; it contains moderate intakes of fish, poultry and cheese and a low intake of red meat; alcohol is represented by wine in moderate amount and mainly consumed at meals (45) . In terms of nutrients, the Mediterranean diet is low in SFA, high in MUFA and oleic acid (mainly from olive oil), high in complex carbohydrates (from legumes) and high in fibre (mostly from vegetables, fruit, cereals and legumes). The high content of vegetables, fresh fruits, cereals and olive oil implies a high intake of β-carotene, vitamins C and E, folates, flavonoids and polyphenols, and of various important minerals including potassium. These food components and nutrients have been indicated as responsible for the beneficial effect of diet on human health and in particular on CVD (2, 4, 6) . However, despite a strong inverse association between the Mediterranean diet and CVD risk, individual components are not or weakly inversely related with the risk (4) . This may be due to the fact that the benefit of each component is too small to be detected, or that the effect of single components is synergistic with that of the others and consequently an interaction between several components is necessary for a significant favourable effect. That the Mediterranean diet is biologically compatible with a favourable effect on CVD risk is biologically plausible. It has been related with lower endothelial dysfunction and biomarker effects (46) and with higher adiponectin levels (47) in the Nurses' Health Study, and with lower blood pressure in the EPIC study (48) . It may also protect against coronary artery wall production of inflammatory mediators in patients with unstable angina (49) , is inversely associated with IL-6 levels in middle-aged men (50) , and is related to elevated non-enzymatic total antioxidant capacity and low oxidized LDL-cholesterol concentrations (51) . In a 2-year trial, the Mediterranean diet reduced the prevalence of the metabolic syndrome and its associated cardiovascular risk (52) , and in a 3-month intervention study it reduced lipoprotein oxidation (42) and more generally had beneficial effects on cardiovascular risk factors (43) .
Conclusion
In conclusion, in this Southern European population we found that adherence to the Mediterranean diet is associated with a lower risk of AMI, a leading cause of death in most countries. This adds to the growing body of evidence supporting the beneficial effects on health of this dietary pattern.
